phycocyanin, one of the major biliproteins of Spirulina Effect of C-phycocyanin (from Spirulina platensis) platensis has antioxidant properties (3). These studies pretreatment on carbontetrachloride and R-(/)-pule-have prompted us to evaluate the potential of C. phycogone-induced hepatotoxicity in rats was studied. In-cyanin in the prevention of chemical-induced liver traperitoneal (i.p.) administration (200 mg/kg) of a sin-injury.
Spirulina platensis, a unicellular filamentous bluegroups (A, B, C, D, E, and F) of rats, each group with 6 animals green algae is gaining more attention these days be-were used in the following way. Unless otherwise mentioned, all cause of its nutritional and various medicinal proper-treatments were carried out intraperitoneally (i.p.). Group A and B ties (1, 2) . Spirulina maxima has preventive effect on (control rats) received coconut oil (0.3 ml); group C and E received R-(/)-pulegone at a dosage of 250 mg/kg as a suspension in 0.3 ml the fatty liver induced by a fructose-rich diet in the rat of coconut oil; group D and F received carbontetrachloride at a dosage (2) suggesting that this algae contains a factor or facof 0.6 ml/kg as a suspension in coconut oil (0.3 ml). Rats from group tors which affect the fructose-induced alterations of tri-B, E and F were pretreated with phycocyanin (200 mg/kg) dissolved glyceride metabolism. It has also been shown that C. in water (0.5 ml) one hour prior to the administration of coconut oil than in rats treated with the combination of phycocyEnzyme assays. Microsomes were prepared from liver by a differanin and R-(/)-pulegone or phycocyanin and CCl 4 (Taential centrifugation method (11). The microsomes were suspended bles 1 and 2). When the rats were pretreated with phyin Tris-HCl buffer (0.05 M, pH 7.8) containing 0.25M sucrose and cocyanin one hour before the administration of R-(/)-20% glycerol. Cytochrome P450 (12) , serum glutamate pyruvate pulegone , the losses of cytochrome P450, glucose-6-transaminase (SGPT) (13), glucose-6-phosphatase (14), aminopyrine-N-demethylase (15) and protein (16) were determined according to phosphatase and aminopyrine-N-demethylase activipublished methods. All statistical analyses were performed using ties were only 18, 10, 19%, respectively as compared to Student's t-test and levels of significance determined at p õ 0.05.
50, 32 and 57% in animals treated with only R-(/)-
Extraction of urinary metabolites. Urine samples collected from pulegone (Table 1) . Likewise, when CCl 4 was adminisanimals belonging to groups C and E were separately extracted with tered to phycocyanin pretreated rats, there was a 33, diethylether as reported earlier (17) . The ether extracts were concen-26 and 27% decrease in cytochrome P450, glucose-6-trated and subjected to GC analyses. phosphatase and aminopyrine-N-demethylase activiGas chromatography. Analyses were carried out on a Shimadzu ties as against 56, 49 and 50% in rats treated with only GC model 14 A instrument equipped with a hydrogen flame ionization detector. The instrument was fitted with a Shimadzu HR-1 wide CCl 4 ( Table 1) . The response to R-(/)-pulegone and bore capillary column (15 m 1 0.5 mm diameter). N 2 At a flow rate CCl 4 was also significantly reduced when phycocyanin of 30 ml/min was used as the carrier gas. The temperature of the pretreatment was made three hours prior to the admincolumn was held at 80ЊC for 10 min, and then it was raised to 120ЊC istration of R-(/)-pulegone and CCl 4 ( Table 2 ). These at the rate of 5ЊC/min. studies have indicated that pretreatment of rats with phycocyanin prior to the administration of R-(/)-pule-RESULTS AND DISCUSSIONS gone and CCl 4 resulted in the protection of liver functions by nearly 65 and 50%, respectively. In fact the Effect of C. phycocyanin pretreatment on CCl 4 and levels of SGPT were almost equal to control values in R-(/)-pulegone-induced hepatotoxicity in rats is shown rats treated with phycocyanin, one or three hours prior in Tables 1 and 2 . Consistent with earlier investigato the administration of R-(/)-pulegone and CCl 4 (Tations (4-8), it was noticed that i.p. administration of a bles 1 and 2). It appears that phycocyanin pretreatsingle dose of R-(/)-pulegone (250 mg/kg) and CCl 4 (0.6 ment has a greater effect on R-(/)-pulegone than CCl 4 ml/kg) to rats caused marked decrease in microinduced hepatotoxicity. somal cytochrome P450, aminopyrine-N-demethylase
In order to find out the effect of phycocyanin on the and glucose-6-phosphatase activities and a significant mode of metabolism of R-(/)-pulegone, experiments increase in SGPT level. Phycocyanin (200 mg/kg) when were carried out in vivo where the urine samples coladministered alone did not alter liver function. The lected from rats treated with R-(/)-pulegone and rats levels of all the activities tested were similar to those treated with the combination of phycocyanin and Rof control values (Tables 1 and 2 ). However, adminis-(/)-pulegone were analyzed by GC and the levels of tration of Phycocyanin one or three hours prior to Rvarious major metabolites present in the urine extracts (/)-pulegone or CCl 4 challenge, the response to these from these two groups were compared (conditions for hepatotoxins were significantly reduced (Tables 1 and  2 ). In fact SGPT activities were approximately 15 fold GC analyses were as mentioned under ''methods''). The typical gas chromatogram shows (Fig 1A and B) that gone. However, there was only marginal changes in the level of menthofuran was significantly higher the levels of other major metabolites (Fig. 1 ). This is a (nearly 70% more) in the urine of rats treated with R-significant observation since menthofuran is consid-(/)-pulegone alone than in the urine of rats treated ered as the proximate toxin of R-(/)-pulegone and is with the combination of phycocyanin and R-(/)-pule-responsible for at least half of the hepatocellular necrosis caused by R-(/)-pulegone (18) . It is known that microsomal cytochrome P450 system carries out the regiospecific oxidation of R-(/)-pulegone to its allylic alcohol (9-hydroxypulegone)which upon cyclization followed by dehydration yields menthofuran (9,10). The cytochrome P-450 system further converts menthofuran to its epoxide which could easily give rise to an a, b-unsaturated-g-ketoaldehyde, a highly reactive metabolite known to covalently interact with tissue macromolecules generating toxicity (19,20). So it is quite possible that phycocyanin could interact preferentially with individual species of cytochrome P-450 and thus could affect the formation of 9-hydroxypulegone which is the precursor of menthofuran. It is also possible that the cytochrome P450 mediated reaction involved in the conversion of menthofuran to its epoxide may be inhibited so that the reactive metabolite viz. a, b-unsaturated-g-ketoaldehyde may not be formed in sufficient quantities to elicit toxicity. So it appears that prior administration of phycocyanin protects against CCl 4 and R-(/)-pulegone mediated toxicity by lowering the biotransformation of these hepatotoxins into toxic intermediates. This assumption is supported by the fact that higher levels of menthofuran was shown to be present in the urine of rats treated with R-(/)-pulegone alone than in the urine of rats treated with the combination of phycocyanin and R-(/)-pulegone (Fig 1) . It is also possible that the haloalkane free radicals produced from CCl 4 and reactive metabolites formed from R-(/)- radical scavenger.
